Abstract: Imitative stimuli presented from a first-person perspective (FPP) produce stronger visuomotor effects than those presented from a third-person perspective (TPP) due to the relatively greater response of the mirror neuron system (MNS) to FPP stimuli. Some previous studies utilizing TPP stimuli have reported no differences in MNS activity between moving and static bodies' stimuli. However, few studies have compared visuomotor effects of such stimuli when presented in the FPP. To clarify this issue, we measured cortical activation in 17 participants during a functional magnetic resonance imaging (MRI) imitation task involving three conditions: moving (a lifting finger was presented), static (an "X" appeared on a static finger), and control (an "X" appeared on a button). All stimuli were presented from the FPP or TPP. Participants were asked to lift the finger corresponding to the imitative stimulus. In the FPP condition, moving stimuli elicited greater MNS activation than static stimuli. Furthermore, such movement effects were stronger in the MNS and insula (a region associated with bodyownership) for FPP stimuli than for TPP stimuli. Psychophysiological interaction analysis revealed increased connectivity between the MNS and insula for moving stimuli in the FPP condition. These findings suggest that bodily movements presented in the FPP elicit a greater visuomotor response than static body presented in the FPP, and that the visuomotor effects of bodily movements were greater in the FPP condition than in the TPP condition. Our analyses further indicated that such responses are processed via the neural system underlying body-ownership. Hum Brain Mapp 38:6218-6229, 2017.
INTRODUCTION
Previous studies have indicated that movements presented from the first-person perspective (FPP; i.e., observing the movement as if one were executing it) are more effective in guiding imitative behavior than those presented from the third-person perspective (TPP; i.e., observing the movement as if one were looking at it in a mirror) [Jackson et al., 2006; Nishizawa et al., 2015; Ramenzoni et al., 2015; Vogt et al., 2003; Watanabe and Higuchi, 2016] . In addition, previous imaging studies of imitative behavior have demonstrated that the mirror neuron system (MNS)-which includes the ventral premotor area (PMv), inferior frontal gyrus (IFG), and inferior parietal lobule (IPL)-and the posterior superior temporal sulcus (pSTS) are more active when body movements are presented from the FPP than from the TPP [Alaerts et al., 2009; Jackson et al., 2006; Oosterhof et al., 2012; Vingerhoets et al., 2012; Vogeley and Fink, 2003 ]. In our previous study of imitative behavior [Watanabe et al., 2013] , we observed that finger movements presented from the FPP elicit greater activation in the MNS, pSTS, and a portion of the frontoparietal area than those presented from the TPP. These brain areas are thought to be associated with visuomotor transformation and action recognition [Caspers et al., 2010; Grezes et al., 1999; Hanawa et al., 2016; Mengotti et al., 2012; Molenberghs et al., 2009] . Thus, movements presented from the FPP may facilitate more effective visuomotor association between the presented movement and imitative response than those presented from the TPP.
On the other hand, several studies in which all stimuli were presented from the TPP have compared the effects of such body stimuli on imitative behavior between moving and static conditions [Brass et al., 2000; Iacoboni et al., 1999; Koski et al., 2003] . Some previous studies have reported that the MNS (i.e., the IFG and IPL) is more active following the presentation of moving hand stimuli than following that of static hand stimuli, although such effects have not been observed for the PMv and pSTS [Iacoboni et al., 1999; Koski et al., 2003] . However, other studies of imitative behavior have reported no differences in MNS activity between moving and static finger stimuli [Jonas et al., 2007; Urgesi et al., 2006] . One possible explanation for these findings is that, although bodily movements presented from the TPP may transfer a certain amount of visuomotor information, this effect may not provide much additional information beyond that provided by static stimuli.
However, few studies have investigated the visuomotor effects of moving versus static body stimuli when presented in the FPP. To address this issue, we examined cortical activity in participants engaged in a functional magnetic resonance imaging (fMRI) imitation task. We hypothesized that body part movements presented from the FPP would be visually similar to the participants' own movements. Thus, we expected that this method of presentation would facilitate more efficient processing of visuomotor information than the presentation of static body parts, and that such visuomotor effects would be stronger in the FPP condition than in the TPP condition due to the influence of visual perspective. We further predicted that this effect would be reflected predominantly by activation of the MNS.
To test our hypotheses, we developed an fMRI task involving three experimental conditions: (1) a moving condition in which video footage depicted the lifting of one of three fingers (index, middle, or ring finger); (2) a static condition in which an "X" appeared on one of three static fingers; and (3) and a control condition in which an "X" appeared on one of three buttons. In all conditions, fingers and buttons were presented from the FPP and TPP. To elucidate the effects of body part movement and visual perspective on neural activation, we measured the hemodynamic activity of the brain using fMRI and performed a correlation analysis between activated brain regions and reaction times (RTs). We also performed an effective connectivity analysis using psychophysiological interaction (PPI) [Friston et al., 1997] analyses to identify brain regions exhibiting stronger covariation with the MNS (e.g., the PMv) when movements were presented in the FPP. We predicted that this analysis would reveal the manner in which visuomotor information provided by stimuli presented from the FPP is processed within neural networks.
MATERIALS AND METHODS

Participants
We recruited 17 participants (nine women and eight men; mean 6 standard deviation: 27.6 6 6.5 years of age), with no history of any neurological or psychiatric illnesses. All participants were right handed, as assessed by the Edinburgh Handedness Inventory [Oldfield, 1971] .
The protocol for this study was approved by the Institutional Ethics Committee of Tokyo Metropolitan University (Approval Number: 12081). Participants provided written informed consent to participate in the study. The tenets of the Declaration of Helsinki were followed.
Apparatus and Task
The stimuli were presented using Presentation 14.0 (Neurobehavioral Systems, Inc., Albany, CA) and displayed using the goggles provided with the fMRI system (resolution 5 800 3 600 pixels, virtual image distance 5 3 m, Resonance Technology, Inc., Northridge, CA). A response box with four buttons (4 Button Curve Right; Current Designs, Inc., Philadelphia, PA) was used to measure RTs. Participants responded by lifting their index, middle, or ring finger from one of the first three buttons (from the left) of the response box, respectively.
A 3T whole-body superconducting fMRI system (Achieva 3.0 TX, Philips, Inc., the Netherlands) equipped with a quadrature detection head coil of the birdcage type and an actively shielded gradient coil was utilized in the present study. Functional scans were performed using gradient echo and echo-planar imaging (EPI) MR sequences, and T2*-weighted images were acquired. The blood oxygen level dependent (BOLD)-sensitive single-shot EPI sequence parameters were as follows: repetition time 5 4000 ms, There were six stimulus conditions, in which the stimulus type (moving finger, static finger, or control) and the visual perspective (FPP or TPP) were manipulated (Fig. 1) . In the moving condition, participants were presented with video clips of a simple finger movement (i.e., lifting the index, middle, or ring finger from a resting position on a response box with four buttons). In the static condition, the same fingers were shown without movement. Instead, an "X" was presented at the tip of the index, middle, or ring finger. In the control condition, no finger stimuli were presented, and the "X" appeared over one of the three buttons. The visual perspective of the stimuli was simultaneously manipulated during these conditions. In some cases, the performer's right hand was displayed from the FPP (i.e., as if participants were observing their own right hand). In other cases, the performer's left hand was displayed from the TPP (i.e., as if looking at another's hand) [Bortoletto et al., 2013; Jackson et al., 2006; Watanabe et al., 2013 ] (see Fig. 1 ). In all conditions, participants provided responses using their right hand. Previous studies have indicated that, when participants respond with the right hand, presentation of the right hand from the FPP or the left hand from the TPP guides more natural imitative behavior Koski et al., 2003; Watanabe et al., 2013] . Such findings are likely due to the fact that the finger alignments of the presented hands in both conditions are visuospatially compatible with the participant's right-hand image. To avoid unnecessary visuospatial bias, finger alignments were identical in the FPP and the TPP conditions. Each trial lasted for 6 s. A fixation point was first presented for 1 s, followed by a 2-s static view of a hand resting on the response buttons (for the moving and static conditions) with the palm facing downward or the response buttons alone (for the control condition). Next, the movement to be imitated was indicated by either the movement of a finger or the appearance of an "X" for 500 ms. Another static view of the hand resting palm-down on the response buttons was presented for 500 ms, following which participants viewed a fixation point for 2 s. Participants were asked to lift the finger on their right hand corresponding to the finger indicated by the stimulus (movement or an "X") as quickly as possible. During the experimental task, participants held the response box in their right hands, holding the three buttons down with the respective fingers. Their right arms were aligned to the right side of the trunk, with no pronation or supination of the forearms. Measurement of RT began from the onset of the movement of the observed finger or the appearance of the "X" and continued until the participant lifted one of the three fingers from the response buttons.
Procedure
Participants completed a practice session at least 2 days prior to performing the main task. In the practice session, participants performed the task while sitting in chairs rather than lying down as they would in the main session. The alignment of the right arm while performing the task was identical to its alignment in the main session (i.e., the right arm was aligned with the right side of the trunk with no pronation or supination of the forearm). Participants performed a total of 504 trials (i.e., four times the number of trials in the main task). The practice session consisted of four blocks. In each block, the six stimuli were presented in random order. The purpose of numerous practice trials prior to the main session was to account for the possibility that misalignment of the finger arrangement between the performer and the participants may result in delayed responses and/or a relatively large number of response errors.
The main session included six blocks. One of six possible stimulus conditions was fixed throughout each block. The order of conditions was randomized between participants. A 1-min rest period was scheduled after the participant had completed three blocks. Each block was comprised of 21 trials, with each of the three fingers (index, middle, and ring) moved in seven trials, as indicated by movement of or an "X" over the performer's finger. A total of 126 trials (i.e., six blocks 3 21 trials) were presented to each participant. The main session lasted approximately 15 min.
Behavioral Data Analyses
For the behavioral analyses, the main dependent measures were RTs and the frequency of errors. To compare RTs and error rates among the six conditions, a two-way repeated measures analysis of variance (ANOVA) (visual perspective; FPP and TPP 3 stimulus type; moving finger and static finger) was used, with a significance level of P < 0.01.
Analyses of fMRI Data
For the fMRI data, statistical analyses were performed using the SPM8 software package, implemented in MAT-LAB 7.14.0 (Mathworks, Inc., Sherborn, MA). For each participant, functional scans were realigned to correct for movement. The scans were normalized to the Montreal Neurological Institute (MNI) EPI template images because this method of normalization appears to minimize concerns regarding participants' motion and increase the detection power [Calhoun et al., 2017] . The scans were then spatially smoothed via convolution with an 8-mm full-width at half-maximum (FWHM) Gaussian kernel. The smoothed data were analyzed using the general linear model (GLM) framework implemented in SPM8.
In the first-level main analyses, we fitted a general linear regression model for each participant's data by modeling each event sequence for the six conditions to calculate beta estimates of each condition. That is, six events were included in the design matrix (FPP moving, FPP static, FPP control, TPP moving, TPP static, and TPP control). The onset of an event was defined as the time at which the participant's response finger was lifted. Trials in which participants responded incorrectly were excluded from the analysis. For each participant, we applied several contrasts of interest. We investigated the effect of stimulus type (i.e., finger movement), which was calculated as follows: For each calculation, each participant's first-level contrasts were introduced into the second-level random-effects analysis, in order to allow population inference. All contrasts were computed using one-sample t tests that included all participants for each of the contrasts, which yielded a statistical parametric map of the t statistic (SPM t). The statistical threshold for these analyses was set at an uncorrected P < 0.001 at the voxel level, with a family-wise error (FWE) corrected P < 0.05 at the cluster level, based on Monte Carlo simulations [Frankland and Greene, 2015; Schneider-Hassloff et al., 2015] . This statistical threshold was also applied for parametric modulation analyses and PPI analyses.
All coordinates are reported in MNI space. The anatomical locations of activated clusters were identified using the SPM Anatomy Toolbox [Eickhoff et al., 2005] and Anatomic Automatic Labeling (AAL) [Tzourio-Mazoyer et al., 2002] . For brain regions within the MNS not covered by these atlases, we referred to meta-analyses regarding regions within the MNS [Mayka et al., 2006; Molenberghs et al., 2012] . We then extracted the eigenvariate values (parameter estimates, mean 6 standard error) from any activated clusters that were significant in the contrast of ([FPP moving -FPP static] -[TPP moving -TPP static]).
Parametric Modulation Analyses
In order to identify regions of brain activity that are correlated with imitative behavior, we used parametric modulation analyses (the degree of correlation between brain activity and RTs) for the FPP moving, FPP static, TPP moving, and TPP static conditions [Buchel et al., 1998 ]. In these analyses, individual RTs from each trial were included as regressors for each occurrence of the event in an individual participant's design matrix. The RT regressors entered as parametric regressors were mean centered; thus, these regressors were orthogonal to the regressors of the main conditions. For each condition, contrasts were calculated in order to identify brain regions for which activity was positively or negatively correlated with RTs. Finally, at the random-effects level, each set of contrast images (e.g., contrast images from all participants that coded for positive and negative parametric modulations in a particular condition) were assessed using a one-sample t test to determine which regions correlated with RTs at the group level.
Effective Connectivity Analyses
PPI analyses were performed to identify brain regions exhibiting stronger covariation with the left or right PMv when finger movements were presented from the FPP. The left and right PMv were chosen as seed regions, based on a r Movement and First-Person Perspective r r 6221 r priori evidence that the PMv is strongly implicated in visuomotor processing [Davare et al., 2006; Hagura et al., 2009] . Furthermore, these regions were significantly activated in our parametric modulation analyses for the FPP moving condition. The dominant hemisphere in visuomotor function has not yet been identified. Nonetheless, the PMv is part of the MNS, which plays a crucial role in visuomotor processing [Caspers et al., 2010; Molenberghs et al., 2010] .
Individual volumes of interest (VOIs) were generated as spheres with radii of 3 mm around individual local maxima for each seed region. The center of each sphere represented the local maximum nearest to the respective cluster maximum, as determined by the parametric modulation analysis (i.e., the coordinates of brain regions that were negatively correlated with RTs in the FPP moving condition (right PMv x 5 38, y 5 22, z 5 28; left PMv x 5 234, y 5 22, z 5 30).
PPI analyses were conducted by first estimating the actual neural response by extracting the time series for each participant, using the first eigenvariate from all voxel time series in the VOIs. PPI regressors were calculated by generating a vector contrasting the estimated time series for the VOI (i.e., right/left PMv) with neural responses for the interaction effect (i.e., 1 for FPP moving, 21 for FPP static, 21 for TPP moving, and 1 for TPP static). This assignment reflects the effects of presenting the movement from the FPP. The P regressor (psychological variable) was represented by the interaction effect. The Y regressor (physiological variable) was represented by the VOI neuronal time course. These regressors were reconvolved with the canonical hemodynamic response function, in order to estimate the effects of the PPI regressor. Participant-wise PPI models were produced, and contrast images were generated for positive PPIs. The resulting contrast images were entered into a second-level GLM analysis for contrasts of interest. Clusters for which connectivity differed between the chosen conditions were visualized using SPM t maps.
RESULTS
Behavioral Data
Mean (6standard error) RTs and error rates for combinations of visual perspectives and stimulus types are shown in Table I . The two-way ANOVA of RTs revealed a significant main effect of stimulus type [F(1, 16) 5 9.11, P < 0.01]. The RTs for the moving condition were shorter than those for the static condition (623.4 ms vs. 659.4 ms). There was no significant main effect of visual perspective (FPP vs. TPP) and no significant interaction between stimulus type and visual perspective (647.2 ms vs. 635.5 ms; F(1, 16) 5 1.47, ns; and F(1, 16) 5 1.61, ns, respectively).
There was no significant main effect of visual perspective (FPP vs. TPP) or stimulus type (moving vs. static) on error rates, and no significant interactions (2.1% vs. 2.0%; F(1, 16) 5 0.02, ns; 2.4% vs. 1.7%; F(1, 16) 5 1.52, ns; and F(1, 16) 5 0.26, ns, respectively).
Imaging Data
Effect of visual perspective and moving information
Regions of significant neural activation revealed by the second-level random-effects analyses are shown in Figures  2-4 , and in Tables II and III . Each moving condition was contrasted with its corresponding static condition. There was significantly greater brain activation in the frontoparietal region and several visual areas, as well as in the subcortical areas, in the FPP moving than in the FPP static condition. Specifically, these regions included the following: the left pSTS, right IPL, right PMv, bilateral IFG, right postcentral gyrus (Brodmann area 3), bilateral middle temporal gyrus (V5), bilateral precuneus, bilateral cuneus, bilateral superior temporal gyrus, left middle occipital gyrus, left lingual gyrus, and left hippocampus ( Fig. 2 and Table II ). The opposite contrast (FPP static vs. FPP moving) did not lead to significant activation in any region.
Significantly greater brain activation occurred during the TPP moving condition than during the TPP static condition in the visual area, but not in regions within the MNS. Specifically, the most significantly activated region in this contrast was the right inferior temporal gyrus (Table III) . The opposite contrast (TPP static vs. TPP static) did not lead to significant activation in any region.
In order to investigate the effect of interactions related to stimulus type and visual perspective on brain activity, we examined differential activity associated with these two factors. To identify regions in which the effect of finger movements was associated with greater activation in the FPP condition than in the TPP condition, we calculated the fol- Table IV ). The opposite contrast of ([TPP moving vs. TPP static] vs. [FPP moving vs. FPP static]) was also calculated to determine whether the effect of finger movements was associated with greater effects in the TPP than FPP condition. However, the results of this analysis were not significant.
Parametric Modulation Analyses
For the FPP moving condition, RTs were significantly negatively correlated with activity in the bilateral PMv (Table VA) . This result indicates that brain activity in these regions increased linearly along with decreases in RTs. There were no suprathreshold positive correlations between RTs and any brain regions for this condition. For the FPP static condition, no significantly positive or negative correlations between brain activity and RTs were observed.
For the TPP moving condition, RTs were significantly negatively correlated with the right putamen, left insula, and right pulvinar of thalamus (Table VB) . This indicates that activity in these regions increased linearly along with decreases in RTs. There were no significant positive correlations between brain activity and RTs in this condition. No significantly positive or negative correlations between brain activity and RTs were observed in the TPP static condition.
Psychophysiological Interaction Analyses
After confirming that brain activity in the bilateral PMv increased linearly along with decreases in RT for the FPP moving condition in parametric modulation analyses, we conducted PPI analyses using the bilateral PMv as the seed region in order to elucidate the mechanisms of visuomotor information processing during imitative behavior. Increased effective connectivity with the right PMv was observed in the right middle insula (mINS) and right primary somatosensory area (S1) (Brodmann area 2) for finger movements presented from the FPP (Table VI) The threshold was set at voxel level P < 0.001 (uncorrected) and cluster level. P < 0.05 (FWE corrected). The threshold was set at voxel level P < 0.001 (uncorrected) and cluster level. P < 0.05 (FWE corrected). 
DISCUSSION
In the present study, we aimed to clarify the visuomotor effects of bodily movements presented from the FPP by comparing brain activation following the presentation of moving versus static finger stimuli in the FPP condition, and to compare these visuomotor effects with those of the TPP condition to determine the influence of visual perspective. Consistent with our hypothesis, our findings clearly demonstrated that robust activation occurred in the MNS following the presentation of finger movements from the FPP. Parametric modulation analyses further demonstrated that brain activity in the bilateral PMv increased linearly along with decreases in RT during imitative behavior in the FPP moving condition. Furthermore, PPI analyses revealed increased connectivity between the right PMv and mINS in the FPP moving condition.
Visuomotor Effects for Body Part Movements Presented From the FPP
Relative to static finger stimuli in the same condition, moving finger stimuli presented from the FPP produced greater activation of the IPL, PMv, and IFG, all of which are regarded as components of the MNS, as well as greater activation of the pSTS. Furthermore, stronger activation of the IPL and PMv was observed for the interaction of ([FPP moving vs. FPP static] vs. [TPP moving vs. TPP static]), which reflects the effect of finger movements in the FPP condition relative to that in the TPP condition.
Previous studies investigating the function of the MNS have reported that the right PMv and bilateral IPL are associated with synthesizing visual and kinesthetic information from observed limb movements [Chaminade et al., 2005; Hagura et al., 2009; Kr€ uger et al., 2014; Naito and Ehrsson, 2006] . The PMv further contributes to visuomotor transformations required for correction configuration of hand posture [Davare et al., 2006] . The pSTS is well known to be preferentially involved in visual recognition of proprioceptive information associated with biological motion [Kavounoudias et al., 2008; Molenberghs et al., 2010; Molnar-Szakacs et al., 2005] , while the IFG is thought to be engaged in the recognition of observed movements and understanding of movement-based goals [Iacoboni and Dapretto, 2006; Iacoboni et al., 1999] . Considering the findings of these previous studies, the observed increases in MNS activation in our study likely reflect the fact that bodily movements presented from the FPP provide greater visuomotor information for imitative behavioral responses than FPP depictions of static body parts. However, when comparing the effects of movement (i.e., moving versus static) in the FPP condition with those in the TPP condition, we did not observe preferential activation of the IFG and pSTS along with activation of the PMv and IPL. These findings suggest that, although the movement presented in the TPP may also transfer the concept and visual information of the presented movement, the effects of bodily movements in the FPP may facilitate more efficient processing of visuomotor information than those in the TPP. As the activated regions (i.e., the PMv and IPL) associated with the aforementioned contrasts are engaged in The threshold was set at voxel level P < 0.001 (uncorrected) and cluster level. P < 0.05 (FWE corrected). The threshold was set at voxel level P < 0.001 (uncorrected) and cluster level. P < 0.05 (FWE corrected). The right ventral premotor 3 the finger movement though the FPP. The threshold was set at voxel level P < 0.001 (uncorrected) and cluster level. P < 0.05 (FWE corrected).
r Movement and First-Person Perspective r r 6225 r kinesthetic processing [Hagura et al., 2009; Naito and Ehrsson, 2006] , it is possible that this visuomotor information is more strongly associated with kinesthetic factors of the observed movement than that conveyed by the TPP. Parametric modulation analyses revealed a negative correlation between RT and the extent of activation in the bilateral PMv: faster RTs were accompanied by stronger neural activation in these regions during the FPP moving condition, and this negative correlation was not observed for any other conditions. These results are consistent with those of previous studies, which have demonstrated that disruption of activity in the PMv results in decreased sensitivity to biological motion and concomitant increases in RT [van Kemenade et al., 2012] . Considering the visuomotor function of the PMv, the negative correlation observed between activity in the bilateral PMv and RT indicates that finger movements presented from the FPP allowed imitators to effectively perceive the visuomotor information of the observed movements, guiding imitative behavior. That is, the visuomotor effects of finger movements presented from the FPP were more useful in guiding imitative behavior.
For the TPP moving condition, the negative correlation observed between RT and activity in subcortical areas: faster behavioral responses were accompanied by greater activation in the putamen and pulvinar. Previous studies implementing RT tasks in which simple objects (e.g., circles or dots) were presented have demonstrated that the putamen plays a substantial role in efficient motor control in response to the object cue [Deiber et al., 1996; Hu and Li, 2012; Vink et al., 2005] . Additionally, the pulvinar of the thalamus is considered as critical component of processes associated with visuospatial attention and visual selective attention [Bridge et al., 2016; Strumpf et al., 2013] . These findings, when taken with the absence of robust activation in visuomotor related regions for certain contrasts (TPP moving vs. TPP static and [TPP moving vs. TPP static] vs. [FPP moving vs. FPP static] ), suggest that bodily movements presented from the TPP guide imitators to process visuospatial position, rather than visuomotor information, associated with the presented fingers in order to determine correct responses. That is, our findings indicate that imitative behaviors may have been driven by distinct brain networks in the FPP and TPP moving conditions.
However, no significant differences in RT or error rate were observed between the FPP moving and TPP moving conditions, although the former condition was associated with robust activation of the MNS. This lack of behavioral advantage in the FPP moving condition may be explained by certain parameters of the finger-lifting task, such as the use of less dynamic information and predetermined response types (i.e., finger lifting only). These findings are in accordance with those of previous studies regarding imitative behavior, which have reported that simple finger-tapping or finger-lifting tasks produced no positive effects on behavior in the FPP condition relative to the TPP condition [Ramenzoni et al., 2015; Watanabe et al., 2013] . In contrast, Nishizawa et al. [2015] utilized a task in which participants were required to imitate whole-body movements, reporting significant positive behavioral effects in the FPP relative to the TPP (i.e., lower error rates). Such findings suggest that the behavioral effects of the FPP during imitative conditions are modulated by the degree of dynamicity of the performer's action [Nishizawa et al., 2015; Ramenzoni et al., 2015] . Thus, in our fingerlifting task (i.e., less dynamic information), visuomotor effects of bodily movements in the FPP did not produce strong behavioral advantages, which may have resulted in the lack of behavioral difference from the imitative performance guided by visuospatial effects of bodily movements in the TPP.
Visuomotor Effects of the FPP Activate the Body-Ownership System
In the present study, we observed increased activation of the bilateral pINS, right aINS, and right SII for the contrast of ([FPP moving vs. FPP static] vs. [TPP moving vs. TPP static]), which reflects the effects of finger movements in the FPP condition. Previous imaging studies have demonstrated that the right pINS contributes to a sense of body-ownership, as well as to the multisensory integration of body parts required in order to attribute actions to oneself [Baier and Karnath, 2008; Farrer and Frith, 2002; Farrer et al., 2003; Karnath and Baier, 2010; Tsakiris et al., 2007] . Previous research has also reported that the bilateral aINS is involved in bodily self-awareness and visual selfrecognition [Craig, 2009; Devue et al., 2007; Ferri et al., 2012] . Furthermore, the SII is engaged in self-awareness and body representation [Tsakiris, 2010; Tsakiris et al., 2007] . Corradi-Dell'Acqua et al. [2009] suggested that the SII encodes a supramodal representation of one's own body. Furthermore, a previous imitative study by Mengotti et al. [2012] also demonstrated greater activation in the SII when participants were required to respond with the finger anatomically identical to that of the performer (i.e., use their own body representation) than when they were required to respond with the finger spatially compatible to that of the performer. These findings suggest that there is a close association between ones' own body representation and activity in the SII during imitative behavior. When taken with the findings of these previous studies, our findings suggest that the presentation of finger movements from the visual perspective of the participant recruits the neural system underlying body-ownership during imitative behavior.
The results of our PPI analyses also support the notion that the FPP moving condition is associated with activation of the body-ownership system. When finger movements were presented from the FPP, we observed increased effective connectivity between the right PMv and the right mINS. These results are consistent with those of previous tracing studies in primates [Flynn et al., 1999; Mesulam and Mufson, 1982] , structural connectivity studies [Ghaziri et al., 2015] , and functional connectivity studies [Cauda et al., 2011] . Such studies have revealed that cortical connections between the insula and premotor regions are reciprocal and topographically organized. The right mINS is thought to be associated with integration of multimodal sensory information and feelings of limb ownership or agency [Craig 2010 [Craig , 2011 Fink et al., 1997; Flynn et al., 1999] . Considering the visuomotor effects observed for the FPP moving condition in the present study, our connectivity analyses may indicate that the right PMv conveys greater visuomotor information to the mINS when finger movements are presented from the FPP. This increased connectivity suggests that participants process the visuomotor information derived from the finger movement itself, as well as that provided by the presentation of the movement from the FPP, via the body-ownership system, allowing them to imitate the behavior as if it were their own movement.
In contrast, our PPI analyses did not demonstrate increased connectivity between the left PMv and the insula, or any other regions. Previous imaging studies have reported a more dominant role of the right hemisphere in self-awareness and feelings of body-ownership, with less input from the left hemisphere [Keenan et al., 2001; Uddin et al., 2005] . In particular, studies have indicated that the right premotor cortex and insula may play more prominent roles in the experience of limb ownership [Karnath and Baier, 2010; Tsakiris, 2010; Tsakiris et al., 2007] . Thus, the results of our PPI analyses are consistent with the notion that the sense of body-ownership is mediated by a right-hemispheric network.
Indeed, the aforementioned hypothesis is further supported by the findings of behavioral studies regarding body-ownership [Dummer et al., 2009; Walsh et al., 2011] . Dummer et al. [2009] revealed that a feeling of bodyownership arises from active hand movements when visual and proprioceptive signals are synchronous. Multisensory correlations may be sufficient to produce the sensation that the observed body part should be attributed to oneself [Botvinick and Cohen, 1998 ]. Consistent with these previous findings, our results suggest that synchrony between the participants' own movements and the observed movement during the FPP condition increased due to the greater visuomotor similarity between the stimulus and response relative to that observed in other conditions (i.e., the FPP static and the TPP moving). Such findings indicate that participants may have perceived finger movements presented from the FPP as their own.
The observed association between visuomotor effects and the body-ownership system during the FPP moving condition may be due to our everyday experience that one's own moving hands are always observed from a FPP, and the corresponding sensory feedback is received synchronously. In contrast, completely static hands are not experienced during one's own movements, nor are moving hands experienced from a TPP. Such experiences suggest that visuomotor information associated with finger movements presented from the perspective of the imitator may be processed via the neural system of body-ownership. Taken together, the accumulated evidence suggests that the visuomotor system is adapted to guide imitative behavior in conditions during which information associated with the movement of body parts is observed from the FPP.
There are, however, unresolved issues regarding the sense of body-ownership that cannot be explained by our brain imaging data. As we did not measure subjective feelings of body-ownership as previous researchers have done [Botvinick and Cohen, 1998, Dummer et al., 2009 ], we do not know whether participants consciously experienced a sense of body-ownership in the present study. Thus, future studies regarding imitative behavior of bodily movements presented from various perspectives should consider subjective experiences of body consciousness.
CONCLUSION
Based on the observed brain activation in the MNS, the present study clearly demonstrated that finger movements presented from the FPP enable more efficient processing of visuomotor information for guiding imitative responses than static depictions of body parts under the same conditions, and that such visuomotor effects are greater than those observed when stimuli are presented from the TPP condition. We further observed increased neural activity in the INS as well as increased effective connectivity between the right PMv and mINS in the FPP moving condition. These findings suggest that visuomotor information generated by body part movements themselves, as well as that provided by the presentation of the movement in the FPP, is processed via the neural system underlying bodyownership.
